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Figure 4: Mean Group Values of Hind Paw Thickness
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Figure 5: Mean Group Values of Hind Paw Thickness
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METHODS OF THE TREATMENT OF
PSORIATIC ARTHRITIS USING
(+)-2-[1-3-ETHOXY-4-METHOXYPHENYL)-
2-METHYLSULFONYLETHYL]-4-
ACETYLAMINOISOINDOLINE-1,3-DIONE

This application is a continuation-in-part of U.S. patent
application Ser. No. 11/106,142, filed Apr. 13, 2005, which
is a divisional of Ser. No. 10/392,195, filed Mar. 19, 2003,
now U.S. Pat. No. 6,962,940, which claims the benefit of
U.S. Provisional Application No. 60/366,515, filed Mar. 20,
2002 and U.S. Provisional Application No. 60/438,450, filed
Jan. 7, 2003. Each of the above is incorporated herein by
reference in their entireties.

1. FIELD OF THE INVENTION

This invention provides methods of treating, preventing
and/or managing psoriatic arthritis by the administration of
(+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonyl-
ethyl]-4-acetylaminoisoindoline-1,3-dione, substantially
free of'its (-) enantiomer, alone or in combination with other
therapeutics. The invention also provides pharmaceutical
compositions and dosage forms comprising specific
amounts of (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-meth-
ylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione  suit-
able for use in methods of treating, preventing and/or
managing psoriatic arthritis.

2. BACKGROUND OF THE INVENTION

2.1 Psoriatic Arthritis

Psoriatic arthritis is a chronic inflammatory arthritic con-
dition affecting the skin, the joints, the insertion sites of
tendons, ligaments, and fascia. Gladman, Current Opinion
in Rheumatology, “Current concepts in psoriatic arthritis,”
2002, 14:361-366, and Ruddy et al., Rheumatology, vol. 2.,
chapter 71, page 1071, 6” ed., 2001. Psoriatic arthritis is
commonly associated with psoriasis. Id. Approximately 7%
of patients with psoriasis develop psoriatic arthritis. The
Merck Manual, 448 (17% ed., 1999).

Psoriatic arthritis may appear in a variety of clinical
patterns. There are five general patterns of psoriatic arthritis:
arthritis of the distal interphalangeal joints, destructive
arthritis, symmetric polyarthritis indistinguishable from
rheumatoid arthritis, asymmetric oligoarthritis, and spondy-
loarthropathy. Ruddy et al., page 1073. Psoriasis appears to
precede the onset of psoriatic arthritis in 60-80% of patients.
Occasionally, arthritis and psoriasis appear simultaneously.
Cutaneous eruptions may be preceded by the arthropathy.

Symptoms of psoriatic arthritis include extra bone forma-
tion, joint stiffness, dactylitis, enthesopathy, tendonitis, and
spondylitis. Gladman, page 362. Most patients have the
classic psoriasis pattern of skin lesions. Ruddy et al., page
1075. Scaly, erythematous plaques; guttate lesions, lakes of
pus, and erythroderma are psoriatic skin lesions that may be
seen in patients with psoriatic arthritis. Nail lesions, includ-
ing pitting, Beau lines, leukonychia, onycholysis, oil spots,
subungual hyperkeratosis, splinter hemorrhages, spotted
lunulae, and cracking, are clinical features significantly
associated with the development of psoriatic arthritis. Ruddy
et al,, page 1076. Ocular symptoms in psoriatic arthritis
include conjunctivitis, iritis, episcleritis, keratoconjunctivi-
tis sicca and aortic insufficiency.

Although the exact cause of psoriatic arthritis is unknown,
genetic, environmental, immunologic, and vascular factors
contribute to one’s predisposition. Ruddy et al., pages
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2

1071-72, and Gladman, page 363. The disease is more likely
to occur in first-degree relatives who are affected than in the
general population. Ruddy et al., page 1071. Population
studies have shown that multiple human leukocyte antigens
(HLA) are associated. British Society for Rheumatology,
Rheumatology, 2001; 40:243, and Gladman, page 362.
Much evidence suggests that a T-cell-mediated process
drives the pathophysiology of psoriatic arthritis. Ruddy et
al., pages 1071 and 1077, and Gladman, page 363. Activated
T cells may contribute to the enhanced production of cytok-
ines found in synovial fluid. Thl cytokines (e,g., tumor
necrosis factor-alpha (TNF-alpha), interleukin (IL)-1-beta
and IL-10) are more prevalent in psoriatic arthritis than in
rheumatoid arthritis, suggesting that the two diseases may
result from a different mechanism. Ruddy et al., page 1071.
Monocytes also play a role in psoriatic arthritis and are
responsible for the production of matrix metalloproteinases,
which may mediate the destructive changes in the joints of
patients with psoriatic arthritis. Gladman, page 364.

Internationally, the incidence of psoriatic arthritis is
1-40%. Psoriatic arthritis usually develops in the fourth to
sixth decades of life, but it can occur at almost any age. Men
and women are affected equally, but a male predominance
occurs in the spondylitic form, while a female predominance
occurs in the rheumatoid form. Ruddy et al., page 1077.

There is a significant need for safe and effective methods
of treating, preventing and managing psoriatic arthritis,
particularly for patients that are refractory to conventional
treatments. In addition, there is a need to treat such disease
while reducing or avoiding the toxicity and/or side effects
associated with conventional therapies.

3. SUMMARY OF THE INVENTION

In one aspect, the invention provides methods of treating,
preventing and/or managing psoriatic arthritis in humans in
need thereof. The methods comprise administering to a
patient in need of such treatment, prevention or management
a therapeutically or prophylactically effective amount of
(+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonyl-
ethyl]-4-acetylaminoisoindoline-1,3-dione, or a pharmaceu-
tically acceptable prodrug, metabolite, polymorph, salt, sol-
vate (e.g., hydrate) or clathrate thereof, substantially free of
its (-) enantiomer.

In some embodiments, the methods further comprise the
administration of a therapeutically or prophylactically effec-
tive amount of at least a second active agent, including but
not limited to, an anti-inflammatory agent, an immnunosup-
pressant, mycophenolate mofetil, a biologic agent, or a
Cox-2 inhibitor.

In another embodiment, (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione, or a pharmaceutically acceptable prodrug,
metabolite, polymorph, salt, solvate (e.g., hydrate) or clath-
rate thereof is administered orally in a dosage form such as
a tablet and a capsule.

In further embodiments, (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione, or a pharmaceutically acceptable prodrug,
metabolite, polymorph, salt, solvate (e.g., hydrate) or clath-
rate thereof is administered topically in a dosage form such
as ointments, creams, gels, pastes, dusting powders, lotions,
sprays, liniments, poultices, aerosols, solutions, emulsions
and suspensions.

In another aspect, the invention provides pharmaceutical
compositions for treating, preventing and/or managing pso-
riatic arthritis comprising (+)-2-[1-(3-ethoxy-4-methox-
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yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione, or a pharmaceutically acceptable prodrug,
metabolite, polymorph, salt, solvate (e.g., hydrate) or clath-
rate thereof.

In some embodiments, the invention provides single unit
dosage forms for treating, preventing and/or managing pso-
riatic arthritis comprising (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione, or a pharmaceutically acceptable prodrug,
metabolite, polymorph, salt, solvate (e.g., hydrate) or clath-
rate thereof.

The preferred methods and compositions utilize the salt or
solvate, most preferably the free base of (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione.

4. BRIEF DESCRIPTION OF FIGURE

FIG. 1 shows percent changes in epidermal thickness in
patients treated with (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-
2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-di-
one.

FIG. 2 shows percent changes in psoriasis area and
severity index (PASI) in patients treated with (+)-2-[1-(3-
ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acety-
laminoisoindoline-1,3-dione.

FIG. 3 shows percent changes in body surface area (BSA)
in patients treated with (+)-2-[1-(3-ethoxy-4-methoxyphe-
nyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-
dione.

FIG. 4 shows effects of (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione and dexamethasone on hind paw thickness in
mice.

FIG. 5 shows effects of (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione and Enbrel on hind paw thickness in mice.

5. DETAILED DESCRIPTION OF THE
INVENTION

5.1 Definitions

As used herein and unless otherwise indicated, the term
“pharmaceutically acceptable salt” includes, but is not lim-
ited to, salts prepared from pharmaceutically acceptable
non-toxic acids or bases including inorganic acids and bases
and organic acids and bases. Suitable pharmaceutically
acceptable base addition salts for the compound of the
present invention include metallic salts made from alumi-
num, calcium, lithium, magnesium, potassium, sodium and
zinc or organic salts made from lysine, N,N'-dibenzylethyl-
enediamine, chloroprocaine, choline, diethanolamine, eth-
ylenediamine, meglumine (N-methylglucamine) and
procaine. Suitable non-toxic acids include, but are not
limited to, inorganic and organic acids such as acetic,
alginic, anthranilic, benzenesulfonic, benzoic, camphorsul-
fonic, citric, ethenesulfonic, formic, fumaric, furoic, galac-
turonic, gluconic, glucuronic, glutamic, glycolic, hydrobro-
mic, hydrochloric, isethionic, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, pamoic, pan-
tothenic, phenylacetic, phosphoric, propionic, salicylic,
stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-tolu-
enesulfonic acid. Specific non-toxic acids include hydro-
chloric, hydrobromic, phosphoric, sulfuric, and methane-
sulfonic acids. Examples of specific salts thus include
hydrochloride and mesylate salts.
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4

As used herein and unless otherwise indicated, the term
“hydrate” means a compound of the present invention or a
salt thereof, that further includes a stoichiometric or non-
stoichiometeric amount of water bound by non-covalent
intermolecular forces.

As used herein and unless otherwise indicated, the term
“solvate” means a solvate formed from the association of
one or more solvent molecules to a compound of the present
invention. The term “solvate” includes hydrates (e.g., mono-
hydrate, dihydrate, trihydrate, tetrahydrate and the like).

As used herein and unless otherwise indicated, the term
“polymorph” means solid crystalline forms of a compound
of the present invention or complex thereof. Different poly-
morphs of the same compound can exhibit different physi-
cal, chemical and/or spectroscopic properties.

As used herein and unless otherwise specified, the term
“prodrug” means a derivative of a compound that can
hydrolyze, oxidize, or otherwise react under biological con-
ditions (in vitro or in vivo) to provide the compound.
Examples of prodrugs include, but are not limited to, deriva-
tives and metabolites of (+)-2-[ 1-(3-ethoxy-4-methoxyphe-
nyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-
dione that include biohydrolyzable moieties such as
biohydrolyzable amides, biohydrolyzable esters, biohydro-
lyzable carbamates, biohydrolyzable carbonates, biohydro-
lyzable ureides, and biohydrolyzable phosphate analogues.
Prodrugs can typically be prepared using well-known meth-
ods, such as those described by 1 Burger’s Medicinal
Chemistry and Drug Discovery, 172-178, 949-982 (Man-
fred E. Wolff ed., 5th ed. 1995).

As used herein, and unless otherwise specified, the term
“enantiomer,” “isomer” or “stereoisomer” encompasses all
enantiomerically/stereomerically pure and enantiomerically/
stereomerically enriched compounds of this invention.

As used herein, and unless otherwise indicated, the term
“stereomerically pure” or “enantiomerically pure” means
that a compound comprises one stereoisomer and is sub-
stantially free of its counter stereoisomer or enantiomer. For
example, a compound is stereomerically or enantiomerically
pure, when the compound contains greater than or equal to
80%, 90%, 95%, 98% or 99% of one stereoisomer, and 20%,
10%, 5%, 2%, 1% or less of the counter stereoisomer.
“Substantially free of'its (-) enantiomer” is encompassed by
the term stereomerically pure or enantiomerically pure.

As used herein, term “adverse effect” includes, but is not
limited to gastrointestinal, renal and hepatic toxicities, leu-
kopenia, increases in bleeding times due to, e.g., thromb-
ocytopenia, and prolongation of gestation, nausea, vomiting,
somnolence, asthenia, dizziness, teratogenicity, extra-pyra-
midal symptoms, akathisia, cardiotoxicity including cardio-
vascular disturbances, inflammation, male sexual dysfunc-
tion, and elevated serum liver enzyme levels. The term
“gastrointestinal toxicities” includes but is not limited to
gastric and intestinal ulcerations and erosions. The term
“renal toxicities” includes but is not limited to such condi-
tions as papillary necrosis and chronic interstitial nephritis.

As used herein, the term “patient” refers to a mammal,
particularly a human. In some embodiments, the patient is a
female. In further embodiments, the patient is a male. In
further embodiments, the patient is a child.

As used herein, and unless otherwise specified, the terms
“treat,” “treating” and “treatment” contemplate an action
that occurs while a patient is suffering from the specified
disease or disorder, which reduces the severity or symptoms
of'the disease or disorder, or retards or slows the progression
or symptoms of the disease or disorder.
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As used herein, unless otherwise specified, the terms
“prevent,” “preventing” and “prevention” contemplate an
action that occurs before a patient begins to suffer from the
specified disease or disorder, which inhibits or reduces the
severity or symptoms of the disease or disorder.

As used herein, and unless otherwise indicated, the terms
“manage,” “managing” and “management” encompass pre-
venting the recurrence of the specified disease or disorder in
a patient who has already suffered from the disease or
disorder, and/or lengthening the time that a patient who has
suffered from the disease or disorder remains in remission.
The terms encompass modulating the threshold, develop-
ment and/or duration of the disease or disorder, or changing
the way that a patient responds to the disease or disorder.

5.2 Methods of Treatments and Prevention

A first aspect of the invention encompasses methods of
treating, managing and/or preventing psoriatic arthritis
which comprises administering to a patient in need of such
treatment, management or prevention a therapeutically or
prophylactically effective amount of (+)-2-[1-(3-ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione, or a pharmaceutically acceptable
prodrug, metabolite, polymorph, salt, solvate or clathrate
thereof. Preferably the salt or solvate, most preferably the
free base of (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-meth-
ylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione, is
used in this invention.

Methods encompassed by this invention comprise admin-
istering (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsul-
fonylethyl]-4-acetylaminoisoindoline-1,3-dione,  substan-
tially free of its (=) enantiomer, or a pharmaceutically
acceptable prodrug, metabolite, polymorph, salt, solvate or
clathrate of thereof, after the onset of symptoms of psoriatic
arthritis.

Methods of this invention also encompass inhibiting or
averting symptoms of psoriatic arthritis as well as address-
ing the disease itself, prior to the onset of symptoms by
administering (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-me-
thylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione, or a
pharmaceutically acceptable prodrug, metabolite, poly-
morph, salt, solvate or clathrate thereof. Patients having
history of psoriasis or arthritis are preferred candidates for
preventive regimens. Methods encompassed by this inven-
tion comprise administering (+)-2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione, or a pharmaceutically acceptable prodrug,
metabolite, polymorph, salt, solvate or clathrate thereof, to
a patient (e.g., a human) suffering or likely to suffer, from
psoriatic arthritis.

The (+) Enantiomer of 2-[1-(3-ethoxy-4-methoxyphe-
nyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-
dione may be used in the treatment, management or pre-
vention of psoriatic arthritis. The magnitude of a
prophylactic or therapeutic dose of a particular active ingre-
dient of the invention in the acute or chronic management of
psoriatic arthritis will vary, however, with the nature and
severity of the disease or condition, and the route by which
the active ingredient is administered. The dose, and perhaps
the dose frequency, will also vary according to the age, body
weight, and response of the individual patient. Suitable
dosing regimens can be readily selected by those skilled in
the art with due consideration of such factors. In general, the
recommended daily dose range for the conditions described
herein lie within the range of from about 1 mg to about 1,000
mg per day, given as a single once-a-day dose or as divided
doses throughout a day. More specifically, the daily dose is
administered twice, three times or four times daily in equally
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divided doses. Specifically, a daily dose range may be from
about 5 mg to about 500 mg per day, more specifically,
between about 10 mg and about 200 mg per day. Specifi-
cally, the daily dose may be administered in 5 mg, 10 mg,
15 mg, 20 mg, 25 mg, 50 mg, 100 mg or 200 mg dosage
forms. In managing the patient, the therapy may be initiated
at a lower dose, perhaps about 1 mg to about 25 mg, and
increased if necessary up to about 200 mg to about 1,000 mg
per day as either a single dose or divided doses, depending
on the patient’s global response. In further embodiments, the
daily dose of the (+) enantiomer of 2-[1-(3-ethoxy-4-meth-
oxyphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindo-
line-1,3-dione is from about 0.01 mg to about 100 mg per kg
of a body weight of a patient. In some embodiments, the
daily dose of the compound is about 1 mg/kg, 5 mg/kg, 10
mg/kg or 25 mg/kg.

5.2.1 Combination Therapy with a Second Active Agent
or Therapy

In particular methods encompassed by this embodiment,
the (+) enantiomer of 2-[1-(3-ethoxy-4-methoxyphenyl)-2-
methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione is
administered in combination with another drug (“second
active agent”) for treating, managing and/or preventing
psoriatic arthritis.

The (+) enantiomer of 2-[1-(3-ethoxy-4-methoxyphenyl)-
2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione
can be combined with one or more second active agents in
methods of the invention. This invention encompasses syn-
ergistic combinations for the treatment, prevention and/or
management of psoriatic arthritis. The (+) enantiomer of
2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-
4-acetylaminoisoindoline-1,3-dione can also be used to alle-
viate adverse or unnamed effects associated with some
second active agent. Conversely, some second active agents
can be used to alleviate adverse or unnamed effects associ-
ated with the (+) enantiomer of 2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione.

One or more second active agents can be used in the
methods of the invention together with the (+) enantiomer of
2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-
4-acetylaminoisoindoline-1,3-dione. The second active
agents include, but are not limited to, anti-inflammatories
such as nonsteroidal anti-inflammatory drugs (NSAIDs),
immununosuppressants, mycophenolate mofetil, biologic
agents, and Cox-2 inhibitors.

The second active agents can be administered before, after
or simultaneously with the (+) enantiomer of 2-[1-(3-
ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acety-
laminoisoindoline-1,3-dione.

In some embodiments of interest, the second active agents
may include, but are not limited to, anti-inflammatories such
as NSAIDs including, but not limited to, diclofenac (e.g.,
ARTHROTEC®), diflunisal (e.g., DOLOBID®), etodolac
(e.g., LODINE®) fenoprofen (e.g., NALFON®), ibuprofen
(e.g., ADVIL, CHILDREN’S ADVIL/MOTRIN, MEDI-
PREN, MOTRIN, NUPRIN or PEDIACARE FEVER®),
indomethacin (e.g., ARTHREXIN®), ketoprofen (e.g.,
ORUVAIL®), ketorolac (e.g., TORADOL®), fosfomycin
tromethamine (e.g., MONURAL®), meclofenamate (e.g.,
Meclomen®), nabumetone (e.g., RELAFEN®), naproxen
(e.g., ANAPROX®, ANAPROX®DS, EC-NAPROSYN®,
NAPRELAN® or NAPROSYN®), oxaprozin (e.g., DAY-
PRO®), piroxicam (e.g., FELDENE®), sulindac (e.g., CLI-
NORIL®), and tolmetin (e.g., TOLECTIN®DS or TOLEC-
TIN®).
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In other embodiments of interest, the second active agents
may include, but are not limited to, disease-modifying
antirheumatic drugs (DMARDs) or immnunosuppressants
such as, but not limited to, methotrexate (Rheumatrex®),
sulfasalazine (Azulfidine®), and cyclosporine (Sandim-
mune® or Neroal®).

In other embodiments of interest, the second active agents
may include, but are not limited to, mycophenolate mofetil
(CellCept®). It is an immunosuppressive agent widely used
in organ transplantation and gaining favor in treating
autoimmune and inflammatory skin disorders.

In further embodiments of interest, the second active
agents may include, but are not limited to, biologic agents
such as, but not limited to, etanercept (Enbrel®), infliximab
(Remicade®) and adalimumab (Humira®).

In further embodiments of interest, the second active
agents may include, but are not limited to, Cox-2 inhibitors
such as, but not limited to, celecoxib (Celebrex®), valde-
coxib (Bextra®) and meloxicam (Mobic®).

Administration of the (+) enantiomer of 2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione and a second active agent to a
patient can occur simultaneously or sequentially by the same
or different routes of administration. The suitability of a
particular route of administration employed for a particular
second active agent will depend on the second active agent
itself (e.g., whether it can be administered orally or topically
without decomposition prior to entering the blood stream)
and the subject being treated. A particular route of admin-
istration of the (+) enantiomer of 2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
1,3-dione is oral administration in dosage forms of a tablet
or a capsule. Particular routes of administration for the
second active agents or ingredients of the invention are
known to those of ordinary skill in the art. See, e.g., The
Merck Manual, 448 (17% ed., 1999).

The amount of second active agent administered can be
determined based on the specific agent used, the subject
being treated, the severity and stage of disease and the
amount(s) of the (+) enantiomer of 2-[1-(3-ethoxy-4-meth-
oxyphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindo-
line-1,3-dione and any optional additional second active
agents concurrently administered to the patient. Those of
ordinary skill in the art can determine the specific amounts
according to conventional procedures known in the art. In
the beginning, one can start from the amount of the second
active agent that is conventionally used in the therapies and
adjust the amount according to the factors described above.
See, e.g., Physician’s Desk Reference (56" Ed., 2004).

In one embodiment of the invention, the second active
agent is administered orally, topically, intravenously or
subcutaneously and once to four times daily in an amount of
from about 1 to about 1,000 mg, from about 5 to about 500
mg, from about 10 to about 350 mg or from about 50 to
about 200 mg. The specific amount of the second active
agent will depend on the specific agent used, the age of the
subject being treated, the severity and stage of disease and
the amount(s) of the (+) enantiomer of 2-[1-(3-ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione and any optional additional second
active agents concurrently administered to the patient. In
one embodiment, the (+) enantiomer of 2-[1-(3-ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione can be administered in an amount
of from about 1 mg to about 1,000 mg, preferably from
about 5 mg to about 500 mg, and more preferably from about
10 mg and about 200 mg orally and daily alone or in
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combination with a second active agent disclosed herein
(see, e.g., section 5.2.1), prior to, during or after the use of
conventional therapy. In another embodiment, the daily dose
of the (+) enantiomer of 2-[1-(3-ethoxy-4-methoxyphenyl)-
2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione
is from about 0.01 mg to about 100 mg per kg of a body
weight of a patient.

5.3 (+)-2-[1-(3-Ethoxy-4-Methoxyphenyl)-2-Methysulfo-
nyl Ethyl]-4-Acetylaminoisoindoline-1,3-Dione

The present invention provides methods of treating, man-
aging or preventing psoriatic arthritis, which comprises
administering to a patient in need of such treatment, man-
agement or prevention a therapeutically or prophylactically
effective amount of the (+) enantiomer of 2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione, or a pharmaceutically acceptable
prodrug, metabolite, polymorph, salt, solvate or clathrate
thereof. Without being limited by theory, the (+) enantiomer
of 2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonyl-
ethyl]-4-acetylaminoisoindoline-1,3-dione is believed to be
(S)-{2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonyl-
ethyl]-4-acetylaminoisoindoline-1,3-dione}, which has the
following structure:

CH;.

H;C NH

T

e}

The (+) enantiomer of 2-[1-(3-ethoxy-4-methoxyphenyl)-
2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione
can be prepared according to methods disclosed in U.S. Pat.
No. 6,962,940, titled “(+)-2-[1-(3-Ethoxy-4-methoxyphe-
nyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-
dione: Methods Of Using And Compositions Thereof,”
which is incorporated herein by reference.

Generally, racemic 2-[1-(3-ethoxy-4-methoxyphenyl)-2-
methylsulfonylethyl]|-4-acetylaminoisoindoline-1,3-dione
can be readily prepared using the methods described in U.S.
Pat. No. 6,020,358, which is incorporated herein by refer-
ence. The corresponding (+) enantiomer can be isolated
from the racemic compound by techniques known in the art.
Examples include, but are not limited to, the formation of
chiral salts and the use of chiral or high performance liquid
chromatography “HPLC” and the formation and crystalli-
zation of chiral salts. See, e.g., Jacques, J., et al., Enanti-
omers, Racemates and Resolutions (Wiley Interscience,
New York, 1981); Wilen, S. H., et al., Tetrahedron 33:2725
(1977); Eliel, E. L., Stereochemistry of Carbon Compounds
(McGraw Hill, N.Y., 1962); and Wilen, S. H., Tables of
Resolving Agents and Optical Resolutions p. 268 (E. L.
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind.,
1972).

In a specific method, the (+) enantiomer of 2-[1-(3-
ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acety-
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laminoisoindoline-1,3-dione is synthesized from 3-acetami-
dophthalic anhydride and a chiral amino acid salt of (S)-2-
(3-ethoxy-4-methoxyphenyl)-1-(methylsulphonyl)-eth-2-
ylamine. Chiral amino acid salts of (S)-2-(3 ethoxy-4-
methoxyphenyl)-1-(methylsulphonyl)-eth-2-ylamine
include, but are not limited to salts formed with the L
isomers of alanine, arginine, asparagine, aspartic acid, cys-
teine, glutamine, glutamic acid, glycine, histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, valine, ornithine,
4-aminobutyric acid, 2-aminoisobutyric acid, 3-aminopro-
pionic acid, ornithine, norleucine, norvaline, hydroxypro-
line, sarcosine, citrulline, cysteic acid, t-butylglycine, t-bu-
tylalanine, phenylglycine, cyclohexylalanine, and N-acetyl-
L-leucine. A specific chiral amino acid salt is (S)-2-(3-
ethoxy-4-methoxyphenyl)-1-(methylsulphonyl)-eth-2-
ylamine N-acetyl-L-leucine salt, which is resolved from
2-(3-ethoxy-4-methoxyphenyl)-1-(methylsulphonyl)-eth-2-
ylamine and N-acetyl-L-leucine in methanol.

5.4 Pharmaceutical Compositions and Dosage Forms

Pharmaceutical compositions can be used in the prepara-
tion of individual, single unit dosage forms. Pharmaceutical
compositions and dosage forms of the invention can com-
prise (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfo-
nylethyl]-4-acetylaminoisoindoline-1,3-dione or a pharma-
ceutically acceptable salt or solvate thereof and a second
active agent. Examples of the optional second active agents
are disclosed herein (see, e.g., section 5.2.1). Pharmaceutical
compositions and dosage forms of the invention can further
comprise one or more carriers, excipients or diluents.

Single unit dosage forms of the invention are suitable for
oral, mucosal (e.g., nasal, sublingual, vaginal, cystic, rectal,
preputial, ocular, buccal or aural), parenteral (e.g., subcuta-
neous, intravenous, bolus injection, intramuscular or intraar-
terial), topical (e.g., eye drops or other ophthalmic prepara-
tions), transdermal or transcutaneous administration to a
patient. Non-limiting examples of dosage forms include
tablets; caplets; capsules, such as soft elastic gelatin cap-
sules; cachets; troches; lozenges; dispersions; suppositories;
powders; aerosols (e.g., nasal sprays or inhalers); gels;
liquid dosage forms suitable for oral or mucosal adminis-
tration to a patient, including suspensions (e.g., aqueous or
non-aqueous liquid suspensions, oil-in-water emulsions or a
water-in-oil liquid emulsions), solutions and elixirs; liquid
dosage forms suitable for parenteral administration to a
patient; eye drops or other ophthalmic preparations suitable
for topical administration; and sterile solids (e.g., crystalline
or amorphous solids) that can be reconstituted to provide
liquid dosage forms suitable for parenteral administration to
a patient.

The composition, shape and type of dosage forms of the
invention will typically vary depending on their use. For
example, a dosage form used in the acute treatment of a
disease may contain larger amounts of one or more of the
active ingredients it comprises than a dosage form used in
the chronic treatment of the same disease. Similarly, a
parenteral dosage form may contain smaller amounts of one
or more of the active ingredients it comprises than an oral
dosage form used to treat the same disease. These and other
ways in which specific dosage forms encompassed by this
invention will vary from one another will be readily appar-
ent to those skilled in the art. See, e.g., Remington’s Phar-
maceutical Sciences, 20th ed., Mack Publishing, Easton Pa.
(2,000).

Typical pharmaceutical compositions and dosage forms
comprise one or more excipients. Suitable excipients are
well known to those skilled in the art of pharmacy and

10

15

20

25

30

35

40

45

50

55

60

65

10

non-limiting examples of suitable excipients are provided
herein. Whether a particular excipient is suitable for incor-
poration into a pharmaceutical composition or dosage form
depends on a variety of factors well known in the art
including, but not limited to, the way in which the dosage
form will be administered to a patient. For example, oral
dosage forms such as tablets may contain excipients not
suited for use in parenteral dosage forms. The suitability of
a particular excipient may also depend on the specific active
ingredients in the dosage form. For example, the decompo-
sition of some active ingredients can be accelerated by some
excipients such as lactose or when exposed to water. Active
ingredients that comprise primary or secondary amines are
particularly susceptible to such accelerated decomposition.
Consequently, this invention encompasses pharmaceutical
compositions and dosage forms that contain little, if any,
lactose other mono- or di-saccharides. As used herein, the
term “lactose-free” means that the amount of lactose present,
if any, is insufficient to substantially increase the degradation
rate of an active ingredient.

Lactose-free compositions of the invention can comprise
excipients that are well known in the art and are listed, for
example, in the U.S. Pharmacopeia (USP) 25-NF20 (2002).
In general, lactose-free compositions comprise active ingre-
dients, a binder/filler and a lubricant in pharmaceutically
compatible and pharmaceutically acceptable amounts. Par-
ticular lactose-free dosage forms comprise active ingredi-
ents, microcrystalline cellulose, pre-gelatinized starch and
magnesium stearate.

This invention further encompasses anhydrous pharma-
ceutical compositions and dosage forms comprising active
ingredients, since water can facilitate the degradation of
some compounds. For example, the addition of water (e.g.,
5%) is widely accepted in the pharmaceutical arts as a means
of simulating long-term storage in order to determine char-
acteristics such as shelf-life or the stability of formulations
over time. See, e.g., Jens T. Carstensen, Drug Stability:
Principles & Practice, 2d. Ed., Marcel Dekker, NY, N.Y.,
1995, pp. 379-80. In effect, water and heat accelerate the
decomposition of some compounds. Thus, the effect of
water on a formulation can be of great significance since
moisture and/or humidity are commonly encountered during
manufacture, handling, packaging, storage, shipment and
use of formulations.

Anhydrous pharmaceutical compositions and dosage
forms of the invention can be prepared using anhydrous or
low moisture containing ingredients and low moisture or
low humidity conditions. Pharmaceutical compositions and
dosage forms that comprise lactose and at least one active
ingredient that comprises a primary or secondary amine are
preferably anhydrous if substantial contact with moisture
and/or humidity during manufacturing, packaging and/or
storage is expected.

An anhydrous pharmaceutical composition should be
prepared and stored such that its anhydrous nature is main-
tained. Accordingly, anhydrous compositions are preferably
packaged using materials known to prevent exposure to
water such that they can be included in suitable formulary
kits. Non-limiting examples of suitable packaging include
hermetically sealed foils, plastics, unit dose containers (e.g.,
vials), blister packs and strip packs.

The invention further encompasses pharmaceutical com-
positions and dosage forms that comprise one or more
compounds that reduce the rate by which an active ingre-
dient will decompose. Such compounds, which are referred
to herein as “stabilizers,” include, but are not limited to,
antioxidants such as ascorbic acid, pH buffers or salt buffers.
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Like the amounts and types of excipients, the amounts and
specific types of active ingredients in a dosage form may
differ depending on factors such as, but not limited to, the
route by which it is to be administered to patients. However,
typical dosage forms of the invention comprise the (+)
enantiomer of 2-[1-(3-ethoxy-4-methoxyphenyl)-2-methyl-
sulfonylethyl]-4-acetylaminoisoindoline-1,3-dione or a
pharmaceutically acceptable salt or solvate thereof in an
amount of from about 1 to about 1,000 mg. Typical dosage
forms comprise the (+) enantiomer of 2-[1-(3-ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione or a pharmaceutically acceptable
salt or solvate thereof in an amount of about 1, 2, 5, 7.5, 10,
12.5,15,17.5, 20, 25, 50, 100, 150 or 200 mg. In a particular
embodiment, a dosage form comprises the (+) enantiomer of
2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-
4-acetylaminoisoindoline-1,3-dione in an amount of about
1, 5, 10, 25, 50, 100 or 200 mg.

5.4.1 Oral Dosage Forms

Pharmaceutical compositions of the invention that are
suitable for oral administration can be presented as discrete
dosage forms, such as, but not limited to, tablets (e.g.,
chewable tablets), caplets, capsules and liquids (e.g., fla-
vored syrups). Such dosage forms contain predetermined
amounts of active ingredients and can be prepared by
methods of pharmacy well known to those skilled in the art.
See generally, Remington s Pharmaceutical Sciences, 20th
ed., Mack Publishing, Easton Pa. (2,000).

Typical oral dosage forms of the invention are prepared by
combining the active ingredients in an intimate admixture
with at least one excipient according to conventional phar-
maceutical compounding techniques. Excipients can take a
wide variety of forms depending on the form of preparation
desired for administration. Non-limiting examples of excipi-
ents suitable for use in oral liquid or aerosol dosage forms
include water, glycols, oils, alcohols, flavoring agents, pre-
servatives and coloring agents. Non-limiting examples of
excipients suitable for use in solid oral dosage forms (e.g.,
powders, tablets, capsules and caplets) include starches,
sugars, micro-crystalline cellulose, diluents, granulating
agents, lubricants, binders and disintegrating agents.

Because of their ease of administration, tablets and cap-
sules represent the most advantageous oral dosage unit
forms, in which case solid excipients are employed. If
desired, tablets can be coated by standard aqueous or non-
aqueous techniques. Such dosage forms can be prepared by
any of the methods of pharmacy. In general, pharmaceutical
compositions and dosage forms are prepared by uniformly
and intimately admixing the active ingredients with liquid
carriers, finely divided solid carriers or both and then
shaping the product into the desired presentation if neces-
sary.

For example, a tablet can be prepared by compression or
molding. Compressed tablets can be prepared by compress-
ing in a suitable machine the active ingredients in a free-
flowing form such as powder or granules, optionally mixed
with an excipient. Molded tablets can be made by molding
in a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent.

Non-limiting examples of excipients that can be used in
oral dosage forms of the invention include binders, fillers,
disintegrants and lubricants. Non-limiting examples of bind-
ers suitable for use in pharmaceutical compositions and
dosage forms include corn starch, potato starch or other
starches, gelatin, natural and synthetic gums such as acacia,
sodium alginate, alginic acid, other alginates, powdered
tragacanth, guar gum, cellulose and its derivatives (e.g.,
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ethyl cellulose, cellulose acetate, carboxymethyl cellulose
calcium, sodium carboxymethyl cellulose), polyvinyl pyr-
rolidone, methyl cellulose, pre-gelatinized starch, hydrox-
ypropyl methyl cellulose, (e.g., Nos. 2208, 2906, 2910),
microcrystalline cellulose and mixtures thereof.

Non-limiting examples of suitable forms of microcrystal-
line cellulose include the materials sold as AVICEL-PH-101,
AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-105
(available from FMC Corporation, American Viscose Divi-
sion, Avicel Sales, Marcus Hook, Pa.) and mixtures thereof.
An specific binder is a mixture of microcrystalline cellulose
and sodium carboxymethyl cellulose sold as AVICEL
RC-581. Suitable anhydrous or low moisture excipients or
additives include AVICEL-PH-103™ and Starch 1500 LM.

Non-limiting examples of fillers suitable for use in the
pharmaceutical compositions and dosage forms disclosed
herein include talc, calcium carbonate (e.g., granules or
powder), microcrystalline cellulose, powdered cellulose,
dextrates, kaolin, mannitol, silicic acid, sorbitol, starch,
pre-gelatinized starch and mixtures thereof. The binder or
filler in pharmaceutical compositions of the invention is
typically present in from about 50 to about 99 weight percent
of the pharmaceutical composition or dosage form.

Disintegrants are used in the compositions of the inven-
tion to provide tablets that disintegrate when exposed to an
aqueous environment. Tablets that contain too much disin-
tegrant may disintegrate in storage, while those that contain
too little may not disintegrate at a desired rate or under the
desired conditions. Thus, a sufficient amount of disintegrant
that is neither too much nor too little to detrimentally alter
the release of the active ingredients should be used to form
solid oral dosage forms of the invention. The amount of
disintegrant used varies based upon the type of formulation
and is readily discernible to those of ordinary skill in the art.
Typical pharmaceutical compositions comprise from about
0.5 to about 15 weight percent of disintegrant, preferably
from about 1 to about 5 weight percent of disintegrant.

Non-limiting examples of disintegrants that can be used in
pharmaceutical compositions and dosage forms of the inven-
tion include agar-agar, alginic acid, calcium carbonate,
microcrystalline  cellulose, croscarmellose  sodium,
crospovidone, polacrilin potassium, sodium starch glyco-
late, potato or tapioca starch, other starches, pre-gelatinized
starch, other starches, clays, other algins, other celluloses,
gums and mixtures thereof.

Non-limiting examples of lubricants that can be used in
pharmaceutical compositions and dosage forms of the inven-
tion include calcium stearate, magnesium stearate, mineral
oil, light mineral oil, glycerin, sorbitol, mannitol, polyeth-
ylene glycol, other glycols, stearic acid, sodium lauryl
sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil
and soybean oil), zinc stearate, ethyl oleate, ethyl laureate,
agar and mixtures thereof. Additional lubricants include, for
example, a syloid silica gel (AEROSIL.200, manufactured
by W. R. Grace Co. of Baltimore, Md.), a coagulated aerosol
of synthetic silica (marketed by Degussa Co. of Plano, Tex.),
CAB-O-SIL (a pyrogenic silicon dioxide product sold by
Cabot Co. of Boston, Mass.) and mixtures thereof. If used at
all, lubricants are typically used in an amount of less than
about 1 weight percent of the pharmaceutical compositions
or dosage forms into which they are incorporated.

A particular solid oral dosage form of the invention
comprises the (+) enantiomer of 2-[1-(3-ethoxy-4-methox-
yphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-
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1,3-dione, anhydrous lactose, microcrystalline cellulose,
polyvinylpyrrolidone, stearic acid, colloidal anhydrous
silica and gelatin.

5.4.2 Delayed Release Dosage Forms

Active ingredients of the invention can be administered
by controlled release means or by delivery devices that are
well known to those of ordinary skill in the art. Non-limiting
examples of controlled release means or delivery devices
include those described in U.S. Pat. Nos. 3,845,770, 3,916,
899; 3,536,809; 3,598,123; and 4,008,719, 5,674,533, 5,059,
595, 5,591,767, 5,120,548, 5,073,543, 5,639,476, 5,354,556
and 5,733,566, each of which is incorporated herein by
reference. Such dosage forms can be used to provide slow or
controlled-release of one or more active ingredients using,
for example, hydropropylmethyl cellulose, other polymer
matrices, gels, permeable membranes, osmotic systems,
multilayer coatings, microparticles, liposomes, micro-
spheres or a combination thereof to provide the desired
release profile in varying proportions. Suitable controlled-
release formulations known to those of ordinary skill in the
art, including those described herein, can be readily selected
for use with the active ingredients of the invention. The
invention thus encompasses single unit dosage forms suit-
able for oral administration such as, but not limited to,
tablets, capsules, gelcaps and caplets that are adapted for
controlled-release.

All controlled-release pharmaceutical products have a
common goal of improving drug therapy over that achieved
by their non-controlled counterparts. Ideally, the use of an
optimally designed controlled-release preparation in medi-
cal treatment is characterized by a minimum of drug sub-
stance being employed to cure or control the condition in a
minimum amount of time. Advantages of controlled-release
formulations include extended activity of the drug, reduced
dosage frequency and increased patient compliance. In addi-
tion, controlled-release formulations can be used to affect
the time of onset of action or other characteristics, such as
blood levels of the drug and can thus affect the occurrence
of side (e.g., adverse) effects.

Most controlled-release formulations are designed to ini-
tially release an amount of drug (active ingredient) that
promptly produces the desired therapeutic effect and gradu-
ally and continually release of other amounts of drug to
maintain this level of therapeutic or prophylactic effect over
an extended period of time. In order to maintain this constant
level of drug in the body, the drug must be released from the
dosage form at a rate that will replace the amount of drug
being metabolized and excreted from the body. Controlled-
release of an active ingredient can be stimulated by various
conditions including, but not limited to, pH, temperature,
enzymes, water or other physiological conditions or com-
pounds.

5.4.3 Parenteral Dosage Forms

Parenteral dosage forms can be administered to patients
by various routes including, but not limited to, subcutane-
ous, intravenous (including bolus injection), intramuscular
and intraarterial. Because their administration typically
bypasses patients’ natural defenses against contaminants,
parenteral dosage forms are preferably sterile or capable of
being sterilized prior to administration to a patient. Non-
limiting examples of parenteral dosage forms include solu-
tions ready for injection, dry products ready to be dissolved
or suspended in a pharmaceutically acceptable vehicle for
injection, suspensions ready for injection and emulsions.

Suitable vehicles that can be used to provide parenteral
dosage forms of the invention are well known to those
skilled in the art. Non-limiting examples of suitable vehicles
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include Water for Injection USP; aqueous vehicles such as,
but not limited to, Sodium Chloride Injection, Ringer’s
Injection, Dextrose Injection, Dextrose and Sodium Chlo-
ride Injection and Lactated Ringer’s Injection; water-mis-
cible vehicles such as, but not limited to, ethyl alcohol,
polyethylene glycol and polypropylene glycol; and non-
aqueous vehicles such as, but not limited to, corn oil,
cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropyl
myristate and benzyl benzoate.

Compounds that increase the solubility of one or more of
the active ingredients disclosed herein can also be incorpo-
rated into the parenteral dosage forms of the invention. For
example, cyclodextrin and its derivatives can be used to
increase the solubility of the (+) enantiomer of 2-[1-(3-
ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acety-
laminoisoindoline-1,3-dione and its derivatives.

5.4.4 Topical and Mucosal Dosage Forms

Drugs can be applied locally to the skin and its adnexa or
to a variety of mucous membranes. The routes that can be
used include nasal, sublingual, vaginal, cystic, rectal, prepu-
tial, ocular, buccal or aural. Many dosage forms have been
developed to deliver active principles to the site of applica-
tion to produce local effects. Non-limiting examples of
topical and mucosal dosage forms of the invention include
sprays, inhalers, aerosols, ointments, creams, gels, pastes,
dusting powders, lotions, liniments, poultices, solutions,
emulsions, suspensions, eye drops or other ophthalmic
preparations or other forms known to one of skill in the art.
See, e.g., Remington s Pharmaceutical Sciences, 20" ed.,
Mack Publishing, Easton Pa. (2,000); and Introduction to
Pharmaceutical Dosage Forms, 4th ed., Lea & Febiger,
Philadelphia (1985). Dosage forms suitable for treating
mucosal tissues within the oral cavity can be formulated as
mouthwashes or as oral gels.

Suitable excipients (e.g., carriers and diluents) and other
materials that can be used to provide topical and mucosal
dosage forms encompassed by this invention are well known
to those skilled in the pharmaceutical arts and depend on the
particular tissue to which a given pharmaceutical composi-
tion or dosage form will be applied. Non-limiting examples
of typical excipients include water, acetone, ethanol, ethyl-
ene glycol, propylene glycol, butane-1,3-diol, isopropyl
myristate, isopropyl palmitate, mineral oil and mixtures
thereof to form solutions, emulsions or gels, which are
non-toxic and pharmaceutically acceptable.

Moisturizers such as occlusives, humectants, emollients
and protein rejuvenators can also be added to pharmaceuti-
cal compositions and dosage forms if desired. Examples of
such additional ingredients are well known in the art. See,
e.g., Remington ’s Pharmaceutical Sciences, 20" ed., Mack
Publishing, Easton Pa. (2,000).

Occlusives are substances that physically block water loss
in the stratum corneum. Non-limiting examples of occlu-
sives include petrolatum, lanolin, mineral oil, silicones such
as dimethicone, zinc oxide and combinations thereof. Pref-
erably, the occlusives are petrolatum and lanolin, more
preferably petrolatum in a minimum concentration of 5%.

Humectants are substances that attract water when applied
to the skin and theoretically improve hydration of the
stratum corneum. However, the water that is drawn to the
skin is water from other cells, not atmospheric water. With
this type of moisturizer, evaporation from the skin can
continue and actually can make the dryness worse. Non-
limiting examples of humectants include glycerin, sorbitol,
urea, alpha hydroxy acids, sugars and combinations thereof.
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Preferably, the humectants are alpha hydroxy acids, such as
glycolic acid, lactic acid, malic acid, citric acid and tartaric
acid.

Emollients are substances that smooth skin by filling
spaces between skin flakes with droplets of oil, and are not
usually occlusive unless applied heavily. When combined
with an emulsifier, they may help hold oil and water in the
stratum corneum. Vitamin E is a common additive, which
appears to have no effect, except as an emollient. Likewise,
other vitamins, for example, A and D, are also added, but
their effect is questionable. Non-limiting examples of emol-
lients include mineral oil, lanolin, fatty acids, cholesterol,
squalene, structural lipids and combinations thereof.

Protein rejuvenators are substances that rejuvenate the
skin by replenishing essential proteins. Non-limiting
examples of protein rejuvenators include collagen, keratin,
elastin and combinations thereof.

The pH of a pharmaceutical composition or dosage form
may also be adjusted to improve delivery of one or more
active ingredients. Similarly, the polarity of a solvent carrier,
its ionic strength or tonicity can be adjusted to improve
delivery. For example, absorption through the skin can also
be enhanced by occlusive dressings, inunction or the use of
dimethyl sulfoxide as a carrier. Compounds such as metal
stearates (e.g., calcium stearate, zinc stearate, magnesium
stearate, sodium stearate, lithium stearate, potassium stear-
ate, etc.) can also be added to pharmaceutical compositions
or dosage forms to advantageously alter the hydrophilicity
or lipophilicity of one or more active ingredients so as to
improve delivery. In this regard, stearates can serve as a lipid
vehicle for the formulation, as an emulsifying agent or
surfactant and as a delivery-enhancing or penetration-en-
hancing agent. Different salts, hydrates or solvates of the
active ingredients can be used to further adjust the properties
of the resulting composition.

6. EXAMPLES

Some embodiments of the invention are illustrated by the
following non-limiting examples. The examples should not
be construed as a limitation in the scope thereof. The scope
of the invention is defined solely by the appended claims.

6.1 Example 1

SYNTHESIS OF 2-[1-(3-ETHOXY-4-METHOX-
YPHENYL)-2-METHYLSULFONYLETHYL]-4-
ACETYLAMINOISOINDOLINE-1,3-DIONE

A stirred solution of 1-(3-ethoxy-4-methoxyphenyl)-me-
thylsulfonylethylamine (1.0 g, 3.7 mmol) and 3-acetami-
dophthalic anhydride (751 mg, 3.66 mmol) in acetic acid (20
ml.) was heated at reflux for 15 h. The solvent was removed
in vacuo to yield an oil. Chromatography of the resulting oil
yielded the product as a yellow solid (1.0 g, 59% yield): mp,
144° C.; '"H NMR (CDCl,) 8 1.47 (t, I=7.0 Hz, 3H, CH,),
2.26 (s, 3H, CH,), 2.88 (s, 3H, CH,), 3.75 (dd, I=4.4, 14.3
Hz, 1H, CHH), 3.85 (s, 3H, CH3), 4.11 (q, J=7 Hz, 2H,
CH2), 5.87 (dd, J=4.3, 10.5 Hz, 1H, NCH), 6.82-6.86 (m,
1H, Ar), 7.09-7.11 (m, 2H, Ar), 7.47 (d, J=7 Hz, 1H, Ar),
7.64 (t, I=8 Hz, 1H, Ar), 8.74 (d, I=8 Hz, 1H, Ar), 9.49 (br
s, 1H, NH); °C NMR (CDCl,) & 614.61, 24.85, 41.54,
48.44, 5434, 55.85, 64.43, 111.37, 112.34, 115.04, 118.11,
120.21, 124.85, 129.17, 130.96, 136.01, 137.52, 148.54,
149.65, 167.38, 169.09, 169.40; Anal Calc’d. for
C,,H,.NO,S: C, 57.38; H, 5.25; N, 6.08. Found: C, 57.31;
H, 5.34; N, 5.83.
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6.2 Example 2

PREPARATION OF (+)-2-[1-(3-ETHOXY-4-
METHOXYPHENYL)-2-METHYLSULFONYL-
ETHYL]-4-ACETYLAMINOISOINDOLINE-1,3-
DIONE

Preparation of 3-Aminophthalic acid. A mixture of 10%
Pd/C (2.5 g), 3-nitrophthalic acid (75.0 g, 355 mmol) and
ethanol (1.5 L) was charged to a 2.5 L. Parr hydrogenator,
under a nitrogen atmosphere. Hydrogen was charged to the
reaction vessel for up to 55 psi. The mixture was shaken for
13 hours, maintaining hydrogen pressure between 50 and 55
psi. Hydrogen was released and the mixture was purged with
nitrogen 3 times. The suspension was filtered through a
celite bed and rinsed with methanol. The filtrate was con-
centrated in vacuo. The resulting solid was reslurried in
ether and isolated by vacuum filtration. The solid was dried
in vacuo to a constant weight, affording 54 g (84% yield) of
3-aminopthalic acid as a yellow product. 'H-NMR (DMSO-
d6) &: 3.17 (s, 2H), 6.67 (d, 1H), 6.82 (d, 1H), 7.17 (t, 1H),
8-10 (brs, 2H). ">C-NMR(DMSO-d6) &: 112.00, 115.32,
118.20, 131.28, 135.86, 148.82, 169.15, 170.09.

Preparation of 3-acetamidophthalic anhydride. A 1 L
3-necked round bottom flask was equipped with a mechani-
cal stirrer, thermometer, and condenser and charged with
3-aminophthalic acid (108 g, 596 mmol) and acetic anhy-
dride (550 mL). The reaction mixture was heated to reflux
for 3 hours and cooled to ambient temperature and further to
0-5° C. for another 1 hour. The crystalline solid was
collected by vacuum filtration and washed with ether. The
solid product was dried in vacua at ambient temperature to
a constant weight, giving 75 g (61% yield) of 3-acetami-
dopthalic anhydride as a white product. 'H-NMR (CDCl,) 8:
2.21 (s, 3H), 7.76 (d, 1H), 7.94 (t, 1H), 8.42 (d, 1H), 9.84 (s,
1H).

Resolution of 2-(3-ethoxy-4-methoxyphenyl)-1-(methyl-
sulphonyl)-eth-2-ylamine. A 3 L 3-necked round bottom
flask was equipped with a mechanical stirrer, thermometer,
and condenser and charged with 2-(3-ethoxy-4-methox-
yphenyl)-1-(methylsulphonyl)-eth-2-ylamine (137.0 g, 500
mmol), N-acetyl-L-leucine (52 g, 300 mmol), and methanol
(1.0 L). The stirred slurry was heated to reflux for 1 hour.
The stirred mixture was allowed to cool to ambient tem-
perature and stirring was continued for another 3 hours at
ambient temperature. The slurry was filtered and washed
with methanol (250 L). The solid was air-dried and then
dried in vacuo at ambient temperature to a constant weight,
giving 109.5 g (98% yield) of the crude product (85.8% ee).
The crude solid (55.0 g) and methanol (440 ml) were
brought to reflux for 1 hour, cooled to room temperature and
stirred for an additional 3 hours at ambient temperature. The
slurry was filtered and the filter cake was washed with
methanol (200 mL). The solid was air-dried and then dried
in vacuo at 30° C. to a constant weight, yielding 49.6 g (90%
recovery) of (S)-2-(3-ethoxy-4-methoxyphenyl)-1-(methyl-
sulphonyl)-eth-2-ylamine-N-acetyl-L-leucine salt (98.4%
ee). Chiral HPLC (1/99 EtOH/20 mM KH2PO4 @pH 7.0,
Ultron Chiral ES-OVS from Agilent Technologies, 150
mmx4.6 mm, 0.5 ml/min., @240 nm): 18.4 min (S-isomer,
99.2%), 25.5 min (R-isomer, 0.8%).

Preparation of (+)-2-[1-(3-Ethoxy-4-methoxyphenyl)-2-
methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione.
A 500 mL 3-necked round bottom flask was equipped with
a mechanical stirrer, thermometer, and condenser. The reac-
tion vessel was charged with (S)-2-(3-ethoxy-4-methox-
yphenyl)-1-(methylsulphonyl)-eth-2-yl amine N-acetyl-L-
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leucine salt (25 g, 56 mmol, 98% ee), 3-acetamidophthalic
anhydride (12.1 g 58.8 mmol), and glacial acetic acid (250
mL). The mixture was refluxed over night and then cooled
to <50° C. The solvent was removed in vacuo, and the
residue was dissolved in ethyl acetate. The resulting solution
was washed with water (250 ml.x2), saturated ageous
NaHCO, (250 mLx2), brine (250 mL.x2), and dried over
sodium sulphate. The solvent was evaporated in vacuo, and
the residue recrystallized from a binary solvent containing
ethanol (150 mL) and acetone (75 mL). The solid was
isolated by vacuum filtration and washed with ethanol (100
ml.x2). The product was dried in vacuo at 60° C. to a
constant weight, affording 19.4 g (75% yield) of (S)-{2-[1-
(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-in-
oisoindoline-1,3-dione with 98% ee. Chiral HPLC (15/85
EtOH/20 mM KH,PO, @pH 0.5, Ultron Chiral ES-OVS
from Agilent Technology, 150 mmx4.6 mm, 0.4 mL/min.,
@240 nm): 25.4 min (S-isomer, 98.7%), 29.5 min (R-iso-
mer, 1.2%). "H-NMR (CDCl,) 8: 1.47 (t, 3H), 2.26 (s, 3H),
2.87 (s, 3H), 3.68-3.75 (dd, 1H), 3.85 (s, 3H), 4.07-4.15 (q,
2H), 4.51-4.61 (dd, 1H), 5.84-5.90 (dd, 1H), 6.82-8.77 (m,
6H), 9.46 (s, 1H). "*C-NMR (DMSO-d6) &: 14.66, 24.92,
41.61, 48.53, 54.46, 55.91, 64.51, 111.44, 112.40, 115.10,
118.20, 120.28, 124.94, 129.22, 131.02, 136.09, 137.60,
148.62, 149.74, 167.46, 169.14, 169.48.

6.3 Example 3

Clinical Study with Patients

Phase 11, open label clinical study was performed in 19
patients (mean age of 40 years old, 16 males and 3 females)
with severe plaque-type psoriasis (215% BSA) for seven
months.  (+)-2-[1-(3-Ethoxy-4-methoxyphenyl)-2-methyl-
sulfonylethyl]-4-acetylaminoisoindoline-1,3-dione “(+)
isomer”) of the invention was orally administered in an
amount of about 20 mg per day to the patients for 29 days.
A total of 19 patients were enrolled for seven months.

6 mm skin biopsies were taken at baseline, Day 15 and
Day 29. Psoriasis area and severity index (PASI), PGA and
body surface area (BSA) were assessed weekly during the
treatment phase. Also, ANA, lymphocyte safety and PPD
were assessed at baseline and Day 29. Patients were moni-
tored for relapse and safety, and continued laboratory assess-
ments for follow up. 60% of the patients reached the primary
endpoint of a decreased epidermal thickness of 20% at Day
29 (FIG. 1). 82% of the patients showed improvements in
PASI at Day 29 from mean PASI score of 18.3 at baseline.
(FIG. 2). Mean change in PASI was 25% decrease at Day 29
and 3 patients achieved PASI-50 at Day 29 (FIG. 2). Eight
patients showed improvements in PGA at Day 29 from mean
PGA of 3 at baseline. Mean change in PGA was -0.59 at Day
29. Mean BSA was 30.0% at baseline and 53% of the
patients showed decrease in BSA at Day 29. Mean decrease
in BSA was 3.1% at Day 29 (FIG. 3).

There were also changes in the pharmacodynamic mea-
surements of skin biopsies such as dermal and epidermal
staining for T-cells, dendritic cells, and myeloid cells. The
results are shown in Table 1.

TABLE 1

Dermis (% reduction) Epidermis (% reduction)

T-cells 44 29
CD83 + cells 31 32
CDllc 28 25
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Average inhibition of ex vivo whole blood TNF-alpha
production was 35% after first dose of the compound of the
invention. Among 9 patients available for evaluation, 22%
of the patients achieved normal fillagrin, ICAM-1 and
HLA-DR, and 11% of the patients achieved normal K16.

The study results showed statistical significance for pri-
mary endpoint and low incidence of adverse events such as
nausea or headache. The results were very promising and
consistent with efficacy.

6.4 Example 4

Experiment in Mab/L.PS-Induced Experimental
Murine Arthritogenic Model

The anti-arthritic activity of (+)-2-[1-(3-ethoxy-4-meth-
oxyphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindo-
line-1,3-dione (“(+) isomer”) of the invention was assessed
in the mAB/LPS-induced experimental murine arthritogenic
model. The mice were administered with 1, 5 and 25 mg/kg
once daily oral (PO) gavage throughout five successive
treatment days. The treatment groups comprised n=38
BALB/c male mice per group. Two equally sized groups
were treated with either Dexamethasone (1 mg/kg) or a
suspension of 0.5% CMC/0.25% Tween 80, served as Posi-
tive or Vehicle Controls, respectively.

Experimental arthritis was initially induced on Day 0 of
the study by intravenous (IV) injection of a 4 monoclonal
antibodies (mAB) cocktail at a dose of 100 mg/kg, followed
about 72 hours later by the intraperitoneal (IP) injection of
LPS 2.5 mg/kg.

Paw thickness was determined with an electronic digital
caliper on six occasions (Day 0, 4, 5, 6, 7 & 9) and presented
as mean group values of the average for both left and right
hind paws. The result is shown in FIG. 4. Data clearly
indicated highly statistically significant (p<0.01 vs. Vehicle
Control) and constant suppression of paw swelling in the
highest dose (25 mgkg) of (+) isomer treatment group,
equaling that of the Positive Control Dexamethasone group.
A lesser extent (p<0.05 vs. Vehicle Control) was revealed in
animals administered 5 mg/kg of (+) isomer (intermediate
dose), but was limited to Day 9 measurement occasion.

In this study, the (+) isomer of the invention, administered
orally at a once daily dose of 25 mg/kg during five succes-
sive days, demonstrated comparable potential anti-arthritic
activity, evident from a statistically significant reduction of
paw swelling as achieved by Dexamethasone (1 mg/kg)
applied by an identical dosing regimen.

6.5 Example 5

Histopathological Evaluation

To determine the potential anti-arthritic activity of (+)-2-
[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-
acetylaminoisoindoline-1,3-dione (“(+) isomer”) of the
invention, total 16 animals were tested with Vehicle Control
or 25 mg/kg of (+) isomer for histopathological evaluation.
Left hind limbs were fixed in 10% neutral buffered formalin
for 1 week, then transferred into buffered inorganic acid
(decalcification process for about 48 hours) and back into
10% formalin prior to storage. Each limb from the middle of
the tibia and distally, to include the ankle joint, i.e., the joint
between the leg and foot (tibial-tarsus joint), was trimmed
mid-longitudinally, and both halves were embedded in par-
affin and slides of 6 micron thickness were cut and stained
by hematoxylin and eosin. Histopathological changes in the
joints were described and scored, using semiquantitative
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grading of five grades (0-4), taking into consideration the
severity of the changes (0=unremarkable, 1=minimal,
2=mild, 3=moderate, 4=marked). Individual findings are
presented in Table 2. The results indicate successful induc-
tion of the arthritis model, achieving grade 3 (moderate) of
severity. All typical ranges of changes characteristically seen
in this arthritis were noted. All samples from animals treated
with the test compound (+) isomer had practically no exist-
ing arthritis, indicating very potent capacity to inhibit arthri-
tis development.

TABLE 2

5

20

11 & 14) and presented as mean group values of the average
for both left and right hind paws. The result is shown in FIG.
5. Data clearly indicated highly significant decrease (P<0.01
vs. Vehicle Control) in animals subjected to repeated admin-
istrations of 5 or 25 mg/kg of (+) isomer, equaling that of the
Positive Controls-treated animals (5 or 6.25 mg/kg Enbrel)
or the combined Enbrel-(+) isomer treatment on study days
5,7,9,11 and 14.

The mean group arthritogenic scoring value of both hind
paws (left & right average value/animal) in animals sub-

Histopathological features observed in the tibiotarsal joint of
arthritic mice treated with vehicle (control) or (+) isomer

Control

(+) isomer

Animal No.

S}
w
N
w
=N
-~

Histopathology 1 8 25

26

31

Synovial hyperplasia 1
Synovial villus formation 1
Fibrin deposition 2
Inflammatory infiltration 3
in the synovial membrane

Pannus formation 33 3 3 3 3 3 3 0
(reflected by proliferation

of granulation tissue)

Cartilage disruption 2 2 2 2 2 2 2 3 0
Hyaline cartilage 2 2 2 2 2 2 3 3 0
destruction (reflected by

resorption/erosion in the

cartilage)

Subchondral bone destruction 33 2 3 2 2 2 3 0
(reflected by resorption/erosion

by osteoclasts and loss of

bone)

Overall assessment: 33 3 3 3 3 3 3 0
“determined as arthritis”

W W NN
W W NN
W W=
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6.6 Example 6

Antibody-Induced Arthritis in Mice

The potential anti-arthritic activity was assessed in the
mAb/LPS-induced experimental murine arthritogenic model
for  (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfo-
nylethyl]-4-acetylaminoisoindoline-1,3-dione  (“(+) iso-
mer”) of the invention, administered at 5 and 25 mg/kg once
daily by repeated oral administrations during 11 successive
treatment days. Test item-treated groups comprised n=8
BALB/c male mice per group. In addition, four equally sized
groups treated with either Enbrel (5 or 6.25 mg/kg, Positive
Control), a suspension of 0.5% CMC/0.25% Tween 80 (5
ml/kg, Vehicle Control), or with a combination of Enbrel and
(+) isomer (each 5 mg/kg, Positive Control-Test Item
group).

Experimental arthritis was initially induced on Day 0 of
the study by a single intravenous injection of a 4 monoclonal
antibodies (mAb) cocktail at a dose level of 100 mg/kg,
followed about 72 hours later by a single intraperitoneal (IP)
injection of LPS 2.5 mg/kg.

No obvious treatment-related adverse reactions were
noted among all (+) isomer-treated animals throughout the
entire 14-day observation period, excluding the typical
reactions to LPS injection, characterized by piloerection,
decrease in the spontaneous motor activity and slight diar-
rhea.

Hind paw thickness was determined with an electronic
digital caliper on eight occasions (on Days 0, 4, 5, 6, 7, 9,
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jected to the combination of Enbrel-(+) isomer and in those
subjected to 6.25 mg/kg of Enbrel was highly to extremely
statistically lower (p<0.01 & p<0.001, respectively) than
those recorded in the Vehicle Control group on study days 7,
9, 11 and 14. In addition, in animals subjected to 25 mg/kg
of (+) isomer, statistically to extremely significant reduc-
tions (p<0.05, p<0.01, p<0.001) vs. the Vehicle Control
group were revealed on Days 9, 11 and 14, respectively.

Mean group percentage change in hind paw thickness vs.
arthritis induction initiation (employed on Day 0 of the
study) was found to be highly significantly lower (P<0.01)
in animals subjected to repeated administrations of 5 or 25
mg/kg of (+) isomer, 5 or 6.25 mg/kg of Enbrel or in the
combined Enbrel-(+) isomer-treated group, compared with
the Vehicle Control group throughout the entire swelling
period on Days 7, 9, 11, & 14.

In this study, the (+) isomer, orally administered at 5 and
25 mg/kg once daily during 11 successive treatment days,
revealed comparable potential anti-arthritic activity, evident
from a statistically significant reduction in paw swelling as
achieved by both Enbrel 5 or 6.25 mg/kg, applied by an
identical dosing regimen.

6.7 Example 7
Mouse Type 11 Collagen Arthritis Model

This study was performed to test the (+) isomer of the
invention for immunomodulating activity against type II
collagen induced T-cell mediated arthritis in female DBA/
ILac J mice.
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Mice were injected with 100 ul of fetal calf type II
collagen: complete Freund’s adjuvant (Strain H37Ra; Difco)
(1:1 v/v) emulsion intradermally at base of the tail (each 100
ul contains 100 ng of collagen). At 21 days post immuni-
zation, the mice were injected subcutaneously with 50 pg of
lipopolysaccharide (LPS) (E. coli 0127:B8) (Sigma) in
pyrogen free saline at a volume of 0.2 ml.

Ten animals per test group were dosed orally once a day
for 14 days (Days 21-34) with vehicle, or test compounds of
(+) isomer, rolipram, prednisolone or ariflo. The test com-
pounds were administered orally in a fine suspension in a
volume of 0.5 ml of the vehicle once a day beginning on Day
21-34, the first dose was given ~1 hour prior to LPS
challenge. Control collagen group received 0.5% of the
designated vehicle, 0.5% methylcellulose at 0.5 ml/mouse.

On Day 25, 4 days after LPS injection, clinical scores on
all four paws of every mouse were assessed for an acute
inflammatory response (paw edema). The (+) isomer (at 10
mg/kg) of the invention produced 28% inhibition of mean
severity scores. The standard rolipram (10 mg/kg) and
prednisolone (1 mg/kg) inhibited mean severity scores by
20% and 32%, respectively.

At the end of experiment (Day 35), the (+) isomer (at 1
mg/kg) produced 49% inhibition of mean severity score
when compared to the control collagen test group. At Day
35, prednisolone (1 mg/kg) inhibited the mean severity score
by 58%, while rolipram and ariflo at 10 mg/kg inhibited the
joint severity scores by 24% and 15%, respectively.

6.8 Example 8
THF-Alpha Inhibition

Human Whole Blood LPS-induced TNF-o assay. The
ability of (+)-2-[1-(3-Ethoxy-4-methoxyphenyl)-2-methyl-
sulfonylethyl]-4-acetylaminoisoindoline-1,3-dione “(+)
isomer”) to inhibit LPS-induced TNF-o production by
human whole blood was measured essentially as described
below for the LPS-induced TNF-a assay in human PBMC,
except that freshly drawn whole blood was used instead of
PBMC. (George Muller, et al. 1999, Bioorganic & Medici-
nal Chemistry Letters 9; 1625-1630.) Human whole blood
LPS-induced TNF-a IC5, =294 nM for (+) isomer; and 442
nM for racemate.

Mouse LPS-induced serum TNF-o inhibition. Com-
pounds of (+) isomer and racemate were tested in this animal
model according to previously described methods (Corral et
al. 1996, Mol. Med. 2:506-515). Mouse LPS-induced serum
TNF-a inhibition (EDs,, mg/kg, p.0.)=0.05 mg/kg for (+)
isomer; and 1 mg/kg for racemate.

LPS-induced TNF-a production. Lipopolysaccharide
(LPS) is an endotoxin produced by gram-negative bacteria
such as E. coli which induces production of many pro-
inflammatory cytokines, including TNF-ca. In peripheral
blood mononuclear cells (PBMC), the TNF-a produced in
response to LPS is derived from monocytes, which comprise
approximately 5-20% of the total PBMC. Compounds of (+)
isomer and racemate were tested for the ability to inhibit
LPS-induced TNF-a production from human PBMC as
previously described (Muller et al. 1996, J. Med Chem.
39:3238). PBMC from normal donors were obtained by
Ficoll Hypaque (Pharmacia, Piscataway, N.J., USA) density
centrifugation. Cells were cultured in RPMI (Life Technolo-
gies, Grand Island, N.Y., USA) supplemented with 10%
AB= human serum (Gemini Bio-products, Woodland, Calif.,
USA), 2 mM L-glutamine, 100 U/ml penicillin, and 100
ng/ml streptomycin (Life Technologies).
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PBMC (2x10° cells) were plated in 96-well flat-bottom
Costar tissue culture plates (Corning, N.Y., USA) in tripli-
cate. Cells were stimulated with LPS (Sigma, St. Louis, Mo.,
USA) at 100 ng/ml in the absence or presence of com-
pounds. Compounds of (+) isomer and racemate were dis-
solved in DMSO (Sigma) and further dilutions were done in
culture medium immediately before use. The final DMSO
concentration in all samples was 0.25%. Compounds were
added to cells 1 hour before LPS stimulation. Cells were
incubated for 18-20 hours at 37° C. in 5% CO, and super-
natants were then collected, diluted with culture medium
and assayed for TNF-a levels by ELISA (Endogen, Boston,
Mass., USA). LPS-induced TNF-a IC;,=77 nM for (+)
isomer; and 194 nM for racemate.

IL-1p-induced TNF-a production. During the course of
inflammatory diseases, TNF-a production is often stimu-
lated by the cytokine 1 L-1p, rather than by bacterially
derived LPS. Compounds of (+) isomer and racemate were
tested for the ability to inhibit IL.-13-induced TNF-a pro-
duction from human PBMC as described above for LPS-
induced TNF-a production, except that the PBMC were
isolated from source leukocyte units (Sera-Tec Biologicals,
North Brunswick, N.J., USA) by centrifugation on Ficoll-
Paque Plus (Amersham Pharmacia, Piscataway, N.J., USA),
plated in 96-well tissue culture plates at 3x10° cells/well in
RPMI-1640 medium (BioWhittaker, Walkersville, Md.,
USA) containing 10% heat-inactivated fetal bovine serum
(Hyclone), 2 mM L-glutamine, 100 U/ml penicillin, and 100
mg/ml streptomycin (complete medium), pretreated with
compounds at 10, 2, 0.4, 0.08, 0.016, 0.0032, 0.00064, and
0 uM in duplicate at a final DMSO concentration of 0.1% at
37° C. in a humidified incubator at 5% CO, for 1 hour, then
stimulated with 50 ng/ml recombinant human IL-1p (En-
dogen) for 18 hours. IL-p-induced TNF-alC5,=83 nM for
(+) isomer; and 2,263 nM for racemate.

6.9 Example 9
PDE4 Inhibition

PDE4 (U937 cell-derived) enzyme assay. PDE4 enzyme
was purified from U937 human monocytic cells by gel
filtration chromatography as previously described (Muller et
al. 1998, Bioorg. & Med. Chem. Lett. 8:2669-2674). Phos-
phodiesterase reactions were carried out in 50 mM Tris HCI
pH 7.5, 5 mM MgCl,, 1 uM cAMP, 10 nM [*H]-cAMP for
30 min at 30° C., terminated by boiling, treated with 1
mg/ml snake venom, and separated using AG-1XS ion
exchange resin (BioRad) as described (Muller et al. 1998,
Bioorg. & Med. Chem. Lett. 8:2669-2674). Reactions con-
sumed less than 15% of available substrate. PDE4 IC,=73.5
nM for (+) isomer; and 81.8 nM for racemate.

6.10 Example 10
Aqueous Solibility

Equilibrium solubility was measured in pH 7.4 aqueous
buffer. The pH 7.4 buffer was prepared by adjusting the pH
of'a 0.07 M NaH,PO, solution to 7.4 with 10 N NaOH. The
ionic strength of the solution was 0.15. At least 1 mg of
powder was combined with 1 ml of buffer to make >1 mg/ml
mixture. These samples were shaken for >2 hours and left to
stand overnight at room temperature. The samples were then
filtered through a 0.45-um Nylon syringe filter that was first
saturated with the sample. The filtrate was sampled twice,
consecutively. The filtrate was assayed by HPLC against
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standards prepared in 50% methanol. (+)-2-[ 1-(3-Ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione has 3.5-fold greater aqueous solu-
bility than the racemic mixture. (Measured solubility of (+)
isomer=0.012 mg/ml.; and racemate=0.0034 mg/mlL.).

All of the references cited herein are incorporated by
reference in their entirety. While the invention has been
described with respect to the particular embodiments, it will
be apparent to those skilled in the art that various changes
and modifications can be made without departing from the
spirit and scope of the invention as recited by the appended
claims.

The embodiments of the invention described above are
intended to be merely exemplary and those skilled in the art
will recognize or will be able to ascertain using no more than
routine experimentation, numerous equivalents of specific
compounds, materials and procedures. All such equivalents
are considered to be within the scope of the invention and
are encompassed by the appended claims.

What is claimed is:

1. A method of treating psoriatic arthritis, which com-
prises administering to a patient in need of such treatment a
therapeutically effective amount of (+)-2-[1-(3-ethoxy-4-
methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione, or a pharmaceutically acceptable
salt or solvate thereof, substantially free of its (-) enanti-
omer.

2. The method of claim 1, wherein the patient is admin-
istered with (+)-2-[1-(3-ethoxy-4-methoxyphenyl)-2-meth-
ylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione having
the formula:

H;C NH

T

¢}

3. The method of claim 1, wherein the (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione is administered as a pharmaceuti-
cally acceptable salt.
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4. The method of claim 1, wherein the (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione is administered as a pharmaceuti-
cally acceptable solvate.

5. The method of claim 4, wherein the (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione is administered as a pharmaceuti-
cally acceptable hydrate.

6. The method of claim 1, further comprising administer-
ing to the patient a therapeutically effective amount of a
second active agent, wherein the second active agent is an
anti-inflammatory agent, an immunosuppressant, mycophe-
nolate mofetil, a biologic agent, or a Cox-2 inhibitor.

7. The method of claim 6, wherein the second active agent
is etanercept.

8. The method of claim 1, wherein the (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylami-
noisoindoline-1,3-dione or a pharmaceutically acceptable
salt or solvate thereof is administered orally.

9. The method of claim 8, wherein the compound is
administered in a dosage form of a tablet or a capsule.

10. The method of claim 1, wherein the (+)-2-[1-(3-
ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acety-
laminoisoindoline-1,3-dione or a pharmaceutically accept-
able salt or solvate thereof is administered topically.

11. The method of claim 10, wherein the compound is
administered in a dosage form of a lotion or a liquid.

12. The method of claim 1, wherein the therapeutically
effective amount is from about 1 mg to about 1,000 mg per
day.

13. The method of claim 12, wherein the therapeutically
effective amount is from about 5 mg to about 500 mg per
day.

14. The method of claim 13, wherein the therapeutically
effective amount is from about 10 mg to about 200 mg per
day.

15. The method of claim 1, wherein the therapeutically
effective amount is about 20 mg per day.

16. The method of claim 15, wherein the compound is
administered once or twice per day.

17. The method of claim 1, wherein the therapeutically
effective amount is from about 0.0 1 mg to about 100 mg per
kg of a body weight of the patient per day.

18. The method of claim 17, wherein the therapeutically
effective amount is about 1 mg, 5 mg or 25 mg per kg of a
body weight of the patient per day.



